Two hundred years ago, when the brothers Jacob and Wilhelm Grimm collected folk legends and fairy tales (first published in two volumes in 82 and 85), central European forests were still seen as dark and dangerous places, with threats ranging from wolves to criminal gangs. Many of the tales, along with other literature of the Romantic era, reflect this fearful perception of the woods. However, in the two centuries that have passed since publication of the fairy tales, the tables have turned. The woods are no longer regarded as a threat to people, but people have become a threat to the survival of woods.
The deforestation of most of Europe, providing both space for agriculture and timber for building purposes, went ahead under the banner of progress. Most of the wooded area that remains is managed like a garden. Rewilding efforts, like the project to turn a patch of Germany's Black Forest into a National Park and leave it without human interference, are still hotly debated today.
Acid rain causing 'Waldsterben' (forest diebacks) across central Europe in the 970s raised the awareness that what remains of European forests is vulnerable. Similarly, from the 990s onwards, climate change alerted us to the fact that the tropical rainforests are important sinks for carbon dioxide. Deforestation in combination with climate change may lead to tipping points making catastrophic changes inevitable.
Only after the natural woodlands had disappeared in Europe and were severely threatened in the tropics did it dawn on humanity's collective consciousness that the forests not only provide habitat for wildlife, but also create a wide range of benefits for us, which we now call ecosystem services (Curr Biol. (20) 21, R525-R527). They may avert soil erosion, help us with irrigation, or mitigate the effects of climate change, but not for much longer if we keep destroying them.
Deforestation mapped
We all know that tropical forests are disappearing at an alarming rate, but data on deforestation have so far been collected in different ways in different countries, making it difficult to compare and contrast data, to balance forest gains against losses, or to compile an assessment of the global situation.
Matthew Hansen and colleagues at the University of Maryland, US, have now for the first time compiled satellite data to create an interactive global deforestation map that allows users to visualise annual changes between the years 2000 and 202 at any scale they want, with a resolution The data in this tool can be analysed in a wide variety of ways, from the global scale down to local effects, and from year-to year comparisons to long-term averages. The global trend is still one of ongoing massive deforestation, with losses of 2.3 million square kilometres outweighing gains of just 0.8 million between 2000 and 202. More worryingly still, the loss of tropical forests was still accelerating over the timeframe of the dataset, with annual losses increasing by 2,00 square kilometres year by year.
Pinning down these losses geographically, the authors find that Brazil, where the plight of the As a new interactive satellite map presents a global picture of deforestation, trees are also increasingly exposed to spreading pests and diseases. Loss of forests to human activity or disease often removes vital ecosystem services, not least mitigation of the effects of climate change. Michael Gross reports. Amazon rainforests has found much international attention, has managed to reduce the annual losses from a peak of over 40,000 km 2 a decade ago to figures of around 20,000 to 25,000 km 2 in recent years. At that reduced level of annual forest loss, Brazil is still second in the global league (behind Russia), but the reduction shows that political measures to curb deforestation can have a positive effect.
Unfortunately, this trend is overcompensated by moves in the opposite direction in countries including Indonesia, Malaysia, Paraguay, Bolivia, Zambia, and Angola. In Indonesia alone the annual deforestation more than doubled, from rates of between 5,000 and 0,000 km 2 per year in the early years of the new century to 20,000 in recent years. The unstoppable spread of palm oil plantations is the main driver of this loss. International programmes, such as the UN-sponsored REDD+, have so far failed to turn the tide. Various attempts to pay developing countries for leaving their forests intact have run into funding problems. Recently, Ecuador called off its conservation plan for the Yasuni National Park, as the payments failed to reach the anticipated levels.
In the subtropical areas, the data document highly dynamic changes in forests, which are typically managed for economic purposes, and therefore removed and replanted at regular intervals. Thus, the loss of tree coverage shown in the data for subtropical climates only outweighs gains by a factor of .2, showing that forest management plays a larger role in these latitudes than permanent deforestation.
Highly dynamic tree cultivation patterns are observed, for instance, in the southeastern parts of the United States, as well as in South Africa, Uruguay, and the subtropical parts of Brazil, Chile, China and Australia.
The study observes a similar picture for the temperate climate zones, where losses outweigh gains .6 fold, and the dynamics are largely dominated by forest management. Storms and fires are increasingly important for forest dynamics at higher latitudes, with fire becoming the leading cause of loss in boreal forests.
The successful policy slowing down deforestation in Brazil relied on similarly detailed satellite data, but no other country collected and shared such data at the time. The authors of the study suggest that their global data can plug that gap, as it "can be used as an initial reference for a number of countries lacking such data, as a spur to capacity building in the establishment of national-scale forest extent and change maps, and as a basis of comparison in evolving national monitoring methods."
Crucially, the highly detailed information is publicly available, so NGOs and concerned citizens anywhere in the world can check up on what is happening to their forests. A complicating factor with trees is that their slow growth and reproduction cycle make it almost impossible for them to respond to a newly emerging disease threat, e.g. by evolving a resistant strain. Where diseases threaten to wipe out entire populations, the last hope may depend on natural enemies of the pathogen, such as the phages that can save horse chestnut trees from the bacterium Pseudomonas syringae, which causes bleeding Given that the number of pests and pathogens to which the forests are exposed is increasing relentlessly, what can or should be done to minimise knock-on effects caused by the loss of populations and their ecosystem services? And who should pay the bill for any measures required?
Pests and pathogens
The situation is complicated, as Ian Boyd, lead author of the above-mentioned review in Science, explains: "Assessing and accounting for the costs of tree disease requires an understanding of who benefits and how they benefit from trees. This will vary greatly between countries and landscapes but decisions about how to combat tree disease will depend upon the tradeoffs in any particular situation." Benefits from trees and forests occur on many scales from the local (habitat for species, recreation space for people) to the global effects of carbon sequestration and storage, making it difficult to pin them down precisely. This is one reason why forest management is in many places seen as a task for central governments.
Trade-offs are also involved when one looks at the causation of disease spread, says Boyd: "For example, it is clear that the trade of goods across borders is the primary route for the transmission of tree pests and diseases, but societies usually see free trade as a good thing. A difficult question is the extent to which trade should be liberalised in the face of evidence of the costs it brings in terms of disease, and these costs can be borne disproportionately by some parts of society. This knowledge points to a system in which those who benefit from trade pay the costs associated with introducing tree pests and diseases."
The problem is not just that trade moves pathogen species to distant places. Invading species may hybridise with local species or pick up dangerous virulence genes from them, creating new threats. Experts believe that the fungus causing the Dutch elm disease, Ophiostoma novo-ulmi, became more lethal due to gene transfers during its spread around the northern hemisphere. This ascomycete of unknown origin was spread around three continents due to the international trade of timber and wood products, and thus became one of the most devastating tree pathogens in the world.
While science can help to identify such problems and in some cases provide remedies, the authors conclude that "science can provide only part of the solution." Ultimately, policy and the markets will have to take into account what it would cost all of us, if we were to lose our remaining forests.
Refuge in the undergrowth
The fate of forests is intricately linked to the future progress of climate change and may help to mitigate or exacerbate its impact. One way in which forests can mitigate warming trends is evident in a recent study of surface vegetation in temperate forests of Europe and North America (Proc. Natl. Acad. Sci. USA (203) 110, .
A large international collaboration led by Pieter De Frenne from the University of Ghent, Belgium, has compiled vegetation data from over ,400 locations that were surveyed at least twice, with an average interval of just under 35 years.
Using the plant species identified in the undergrowth and their known optimal growth temperatures as a thermometer to establish the 'floristic temperature' at the forest floor, the researchers found that the species composition of these plant communities has changed significantly from one survey to the next. On average, around one third of the species in each community were replaced by others. The loss of cold-adapted species and gain of heat-adapted ones added up to a net rise in floristic temperature, an effect described as 'thermophilisation'.
The authors found this shift to more heat-loving species in most but not all plots surveyed. Oxford University's much-studied Wytham Woods was one of the forests that did not show any thermophilisation. On average, the increase of floristic temperature was slower than the rise in average summer temperatures in the same area.
Wondering whether the slow response represented a failure of the vegetation to adapt to change or whether there were special conditions at work in the undergrowth, the researchers also plotted the data against the change in canopy density. In many temperate forests the closure of the canopies has increased due to a reduction in logging. This analysis revealed a clear trend demonstrating that increasing canopy density is linked to weaker or no thermophilisation. By offering more shadow, it appears, the trees are shielding the ground vegetation from the temperature rise.
"We believe that the effect of the tree canopy is to moderate changes in temperature at the lower levels in the wood -particularly where, as is the case in much of Europe, woods have been becoming denser and shadier in recent years," Keith Kirby from Oxford University explained in a press statement.
While this suggests that, at least for some forests, the trend goes in the direction that will mitigate effects of climate change in modest ways, the authors also warn that largescale harvesting of biomass for biofuel production could open up the canopies more and thus remove the protection for the ground vegetation, which in turn also provides habitat for many other species, including pollinating insects.
All in all, if we want the forests to help us fight climate change, we will have to help them survive first. Unlike the children in the times of the Grimm brothers, who were conditioned to fear the forests, the next generations will face the fear of having to survive without forests.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk The humble epithet 'Inventor of the tungsten microelectrode' should be enough to secure David Hubel's place in the neuroscience pantheon: his invention has been a ubiquitous tool for over half a century. One only needs to read a few key papers, however, to discover that not only was David Hubel that rarity in neuroscience -a wordsmith -but, in tandem with Torsten Wiesel, with whom he shared the Nobel Prize in 98, he shaped an experimental and conceptual landscape we still traverse.
David Hubel was born in Montréal to American parents. At high school he had no formal training in biology and the level of mathematics was such that "it was easy enough for me to cover one evening in the bathtub", so history and Latin became his passions. At McGill College, however, he graduated in physics and mathematics, but on a whim, chose to study medicine, which led him to the world famous Montréal Neurological Institute and to close encounters with Wilder Penfield and with Herbert Jasper, who gave him the job of reading the EEGs generated in the Institute. After marrying Ruth Izzard, a graduate of Donald Hebb's psychology department at McGill, in 953, he took up a residency at John's Hopkins Hospital. He soon met Stephen Kuffler and Vernon Mountcastle, the two 'high priests' of neurophysiology, whose influence on his future was decisive. After a year in Baltimore, he was drafted and spent the next three years at the Walter Reed Army Institute of Research, Washington. Army Captain Hubel fell in with the neurophysiology group, which included his second mentor, Mike Fuortes, the auditory physiologist Robert Galambos, and the neuroanatomist Walle Nauta. Here, he developed his varnish-insulated tungsten microelectrode and the means for advancing it into the brain through a sealed chamber designed to dampen brain pulsations. With these tools, he made his first recordings from the visual cortex of a purring cat and, at the insistence of the neuroanatomist
Obituary
Jerzy Rose, he finessed his method so that the position of the microelectrode tip could be marked by a microlesion. The value of this anatomical step was impressed upon him when he discovered that most of the recordings he made were from fibres in the white matter and that most of the unresponsive units he recorded were cortical cells! Vernon Mountcastle offered him a position in the Hopkins Physiology department, but then had to postpone his start date for 6 months because the labs were being remodelled. Steve Kuffler, in the nearby Wilmer Institute of Ophthalmology, suggested he fill the gap by working on a project with Torsten Wiesel, who had been recording retinal cells with Ken Brown. They decided to map the receptive fields of cells in the primary visual cortex (a.k.a., area 7, striate cortex, V) of the anaesthetised cat. With Hubel's microelectrode and advancer, and the Talbot-Kuffler ophthalmoscope with which they projected images of light or dark spots directly onto the retina, Hubel and Wiesel made their first recording in July 958. Their epochal breakthrough a few experiments later was a favourite tale (and reconstructed with some poetic licence in a Youtube movie narrated by Hubel (http://www.youtube.com/ watch?v=IOHayh06LJ4): a very stable recording from one neuron gave them the opportunity to try every stimulus they could devise. After working for some hours, the cell, whose responses they played over an audio monitor, 'fired impulses like a machine gun' and after some more hours, they discovered that the cell was not responding to the image of the black dot pasted on the glass slide, but to the faint oriented shadowline of the slide's edge as they pulled it in and out of the ophthalmoscope. After 9 hours of 'bullheaded persistence' they had found the Rosetta Stone for visual cortex and results flowed rapidly thereafter. Not averse to a bit of oneupmanship, they started numbering their cells from 3000 so as to leapfrog Vernon Mountcastle's then world-record of 600. Their first joint paper, published 959 in the Journal of Physiology, went through complete rewrites before submission. Across the Atlantic, their discovery of orientation sensitive 'simple cells' did not go unnoticed in high places. A few days after publication, Lord Adrian walked into Alan Hodgkin's office clutching a copy of the journal and asked, 'Have you seen this paper?' 
